Introduction
Very little is known about the effects of humidity and water balance on absorption and translocation of foliar-applied materials. Palmquist (11) reported that when a scraped leaf of a water-stressed plant was immersed in fluorescein solution, the solution movedl rapidly through and out of the leaf via the xylem. Colwell (5) found that when a solution containing p32 was applied in small amounts covering 10 to 15 % of the leaf area, phosphorus was not moved out of the treated leaf in the xylem. When, hovever, a larger volume of the same solution was applied which covered 40 to 60 % of the leaf area, phosphorus moved out of the treated leaf via xylem of the ringed petiole. Went and Carter (14) found that uptake of sucrose by tomato leaves was indepen-lent of humidity levels. Other workers reported that high humidity increased the absorption of foliarapplied urea, 2,4-D, and maleic hydrazide (Volk & McAuliff, 13 ; Zukel et al., 16; Pallas, 10) . It has been reported also that plants might absorb water fronm humid air through the leaves by a reversal of the normal transpiration stream, a process termed "negative transpiration" (Stone et al., 12;  Breazeale et al., 2, 3) .
Preliminary experiments on translocation of foliarapplied, C14-labeled 2,4-D, amino-triazole and urea, indicated that translocation of these compounds was greatly increased under high humidity conditions. A more detailed investigation was, therefore, desired.
Methods & Materials
Two basically different C14-labeled compounds were used in this work, namely 2,4-D and urea. Experiments (Clor, 4) 'When only the treated cotyledons wNere placed in the polyethylene bag ( fig 1B) there was export via the phloem but evidently not enough free water on the treated cotyledon to allow export via the xylem.
There was sonmewhat more moveimient within the uIntreated portion of the treated leaves. Wlhein the whole plants, except the treated cotyledons, were enclosed in the polyethylene bags the translocation pattern was the same as that of unbaggedl planits. Neither phloem nor xylem transport was increased.
In the case of the urea treatments ( fig 2) the labeled sucrose, that results from hydrolysis and photosynthesis of the resultant C'4-CO, has iiimved freely both downward via the phloenm and into the opposite cotyledons via the xylem (fig 2A) In the experiment where only the treated cotyledons were placed in the polyethylene bags ( fig 2B) the sucrose evidently moved via the phloem to the roots in large quantity; it also went into the opposite cotyledons in traces. Evidently in this particular experiment the humidity was such that the treated leaf served as a source for rapid export via the phloem. There was ready lateral movement in the treated cotyledons. Possibly water stress in the exposed cotyledons and stems resulted in rapid drying of the treatment spot and hence a shorter exposure time to solution of the tracer. As in the case of 2,4-D, when labeled urea was applied to the cotyledon of a cotton seedling having the remainder of the plant in high humidity the picture was the same as in the open greenhouse.
-II. Effects of High Humidity as Revealed by Ringing the Epicotyl: Four-week-old cotton plants, grown in clay pots were employed in these experiments to make convenient the ringing of the epicotyls. Twelve plants were selected and the epicotyls of seven of them were steam-ringed about one centimeter above the cotyledonary node. To be sure that the ringing process did not also destroy the xylem, the plants were left untreated for 24 hours to see if wilting occurred. Each plant was treated on one cotyledon with 0.25 microcurie of labeled 2,4-D or urea as indicated. All the plants were harvested 2 days after treatment, freeze-dried, and subsequently radioautographed. The results of this experiment are given in figures 3 to 6. T .
*sI:. Figure 3A showrs the contrasting effects of high and low humidity upon the movement of labeled sucrose from C&4-urea treated cotton cotyledons. As with the small plants showin in figure 2 , the tracer moved basipetally to the roots and high humidity did not increase this movement as it did in the smaller plants of figure 1. In these larger plants acropetal phloem movement from the cotyledons to the growing tip was more pronounced probably (lue to a higher rate of shoot growth ( fig 3A, the plant on the right). Here again high humidity greatly increased movement to the opposite cotyledon andl to other mature leaves. This distribution to mature foliage is later shown to occur by xylem.
In figure 3B the experiment was the same as in figure 3 A, except that 2 cIml of the stenm above the cotyledons were steaml-ringed. Under greenhouse conditions (low humidity) movement -vas principally basipetal. On the other hand a fainit trace of the label passed througlh the ring and inlto the upper leaves. MIovement through a ring indicates xylem movement: evidently prodlucts of sugar metabolism in the roots leaked into the xylenm and were carried upward in the tranispirationi streamii. AMaleic hydrazide, dalaponi, and phosphorus are knox-n to (1o this (Crafts 6 , Biddulplh et al., 1).
In the case of the high humiii(lity con(litiolns there was a large miiovenment of the tracer across the ring and into the upper leaves. The high accumulation in young leaves does not necessarily signifv phloem movement across the ring; rather it probably represents retranslocation from the fully developed leaves to the younger leaves via the phloem above the ring.
In figure qw.." I ment in the unringed plant was normal for 2,4-D in cotton, namely both acropetal and basipetal, with fully expanded leaves being bypassed; this is phloem movement. In the ringed plant basipetal movement was the same; acropetal movement was essentially lacking.
In figure 4 A are shown two 2,4-D treated plants, both under high humidity conditions; the plant on the left was ringed above the cotyledons. In the unringed plant on the right the 2,4-D moved downward, as would be expected from a lower leaf; it also moved upward to the mature and to the developing leaves and bud. Labeling of the opposite cotyledon indicates movement across the cotyledonary node. As shown by the plant on the left, ringing apparently did not reduce upward movement; the distribution of labeling was somewhat more general. Here the ringing indicates that the acropetal movement of 2,4-D from a lower leaf in high humidity can be accounted for possibly by condensation on the treated spot and attendant movement of 2,4-D via xylem into the region above the cotyledons.
In figure As shown in figure 5 C, (unringed controls) high humidity resulted in the complete labeling of the cotton seedling whereas in the drier conditions of the greenhouse less movement takes place and it is entirely limited to the phloem. Figure 6 , left (radioautograph) shows that in high humidity, ringing the petiole of the treated cotyledon has no effect on the distribution of the tracer in an acropetal direction; basipetal movement, namely that part which is effected by phloem translocation, is materially reduced. This movement across a steam ring in the petiole provides strong evidence for reversal of the transpiration stream in the cotyledons of cotton plants under conditions of high humidity. Without the high humidity (fig 6 right) there was no movement of the label out of the cotyledon across the steam ring. Ringing the petiole of the cotyledon opposite the treated one had no appreciable effect; the autographs resembled those of figure 5 C.
Discussion & Conclusions
Under normal conditions of the greenhouse, the translocation of foliar applied 2,4-D and sucrose occurs through the phloem; it is dominantly downward from the treated cotyledons of cotton seedlings; some movement via the phloem to the shoot tip and young expanding leaves may also take place. Occasionally one may observe a light labeling of mature leaves above a treated leaf when amino triazole or maleic hlydrazide is used as a tracer; this results from migration of the tracer from phloem to xvlem. In the experiments with 2,4-D and urea described here, the mature leaves were bypassed by the tracers in their movement to shoot tips: this is taken to indicate phloem movement and results from the fact that the mature leaves, like the treated cotyledon or leaf. are exporting foods and hence the assimilate stream is moving out rather than into these leaves.
When the plants were placed under very high humidity conditions, the translocation pattern of foliar applied substances was drastically changed; export of the tracers was greatly increased and they moved into opposite cotyledons and into all mature as well as young leaves. This general distribution could have resulted only from simultaneous transport from the treated leaf via both phloem and xylem.
Ringing of the stem above the treated cotyledon did not materially alter the distribution pattern in plants in high humidity; tracers went to the roots and to the opposite cotyledon and to all leaves above the treated cotyledon. Ringing the stem below the treated cotyledon prevented basipetal translocation via phloem. Even placing a ring on the petiole of the treated cotyledon failed to hinder movement to the shoot tip and mature leaves. These ringing experiments prove that movement in normal plants under high humidity conditions takes place simultaneously _-f Under high humidity conditions translocation of the compounds was greatly increased. Experiments with steam-ringing of various portions of the stem and petioles showed that under high humidity conditions the radioactive compounds moved out of the treated organs and ascended acropetally throughout the shoot mainly in the xylem. At the same time there was a basipetal phloem movement to the roots. Thus the tracers may attain a complete distribution in the plant in appreciably greater amounts than occurs from phloem movement alone under low humidity conditions. Possibly condensation on the treated spot enables it to serve as a source for both phloem and xylem transport.
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